This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
H03M 1/46, 1/78, 1/80 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/37027 

22 July 1999 (22.07.99) 



(21) International Application Number: 



PCT/US99/01186 



(22) International Filing Date: 



20 January 1999 (20.01.99) 



(30) Priority Data: 

09/009.284 
09/009,215 
09/009,285 



20 January 1 998 (20.0 1 .98) US 
20 January 1 998 (20.0 1 .98) US 
20 January 1 998 (20.0 1 .98) US 



(71) Applicant: MICROCHIP TECHNOLOGY INCORPORATED 

[US/US]; 2355 West Chandler Boulevard, Chandler, AZ 
85224-6199 (US). 

(72) Inventor: SUSAK, David; 3156 East Woodland Drive, 

Phoenix, AZ 85048 (US). 

(74) Agent: BEARD, R., William, Jr.; Frohwitter, Suite 500, Three 
Riverway, Houston, TX 77056 (US). 



(81> Designated States: JP. KR. European patent (AT r BE. C H. CY, 



-DE r JPK, ES, FI,JER,_GB, OR, IE, IT, 1 .11, MQ.-NL, PT, 



SE). 



Published 

With international search report. 



(54) Title: A DRIVER CIRCUIT FOR LOW VOLTAGE OPERATION OF A SUCCESSIVE APPROXIMATION REGISTER (SAR) 
ANALOG TO DIGITAL (A/D) CONVERTER AND METHOD THEREFOR 




~N30 



VOUT 



II — 



(57) Abstract 

A driver circuit for low 
voltage operation of a Successive 
Approximation Register (SAR) 
based Analog/Digital (A/D) 
converter is disclosed. The driver 
circuit has a plurality of cells 
wherein each cell is used for 
driving an individual column of 
a capacitor array. A switching 
circuit is held within each of the 
plurality of cells. The switching 
circuit is used for outputting 
one of a high voltage level Vh 
or a low voltage level Vl to 
an individual column of the 
capacitor array while driving 
no DC current. The switching 
circuit is comprised of a pair 
of fully differential pass gates. 
The pass gates are driven by 
circuitry referenced off of the 

supply voltage V dd of the A/D — — — 

converter integrated circuit and 
ground. Because of this, each 

pass gate may operate off of any voltage within the V<w to ground range. Thus, the switch circuit allows for low voltage operation with a 
wider operating range. Further, the SAR selects and loads a different bit (112A) of the driver circuit (112) on each edge of a clock cycle. 
Preferably the converter uses a C-2C network (214"), 
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A DRIVER CIRCUIT FOR LOW VOLTAGE OPERATION OF 
A SUCCESSIVE APPROXIMATION REGISTER (SAR) ANALOG TO 
DIGITAL (A/D) CONVERTER AND METHOD THEREFOR 



_ 5 _ REEATED^SPPnCATIONS 

This application is related to the applications entitled "A SUCCESSIVE 
APPROXIMATION REGISTER (SAR) FOR CONTROLLING SAMPLING AND 
CONVERSION OF AN ANALOG TO DIGITAL (A/D) CONVERTER AND METHOD 
THEREFOR",in the name of Prado et al., and "A CAPACITOR ARRAY FOR A 

10 SUCCESSIVE APPROXIMATION REGISTER (SAR) BASED ANALOG TO DIGITAL 
(A/D) CONVERTER AND METHOD THEREFOR", in the name of the same inventor as 
the present Application, all filed concurrently herewith, and assigned to the same assignee as 
this Application. The disclosures of the above referenced applications are hereby 
incorporated by reference into this application. 

15 

BACKGROUND OF THE INVENTION 

Field of the Invention : 

This invention relates generally to Analog to Digital (A/D) converters and, 
more specifically, to a driver circuit for low voltage operation of a Successive 
20 Approximation Register (SAR) based Analog to Digital (A/D) converter and a method 
therefor. 

Description of the Prior Art : 

Currently in a Successive Approximation Register (SAR) based A/D 
25 converter, an SAR is used to signal a driver circuit to activate different columns of a 
capacitor array. The driver circuit is presently made up of a plurality of cells wherein each 
cell is used to drive a respective column of the capacitor array. In its simplest form, each cell 
houses an inverter which drives its respective column to either Vh or Vl. 

The problem with using an inverter is that the lowest voltage the driver circuit 
30 may operate at is the lowest operating voltage of the inverter. The lowest operating voltage 
of an inverter is generally 2V T where V T is the threshold voltage of the transistors that 
comprise the inverter. Even at this level, one experiences slow response times. 

The A/D converter generally has a digital voltage Vdd and a digital ground. In 
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general, the digital voltage V dd is the operating voltage of the integrated circuit (IC). For 
analog sampling there is generally a V H and V L on which the samples are based. Since the 
operating voltage of the inverter is 2V T , the inverters limit the sampling range V H to V L . 
Jherefore, a need existed to provide an improved driver circuit for an-SAR 



-based" an-TtfD converter. "The improved driver circuit must be able to operate at lower 
voltages than a standard inverter circuit. The improved driver circuit must also allow for a 
wider analog sampling range. 

SUMMARY OF THE INVENTION 

In accordance with one embodiment of the present invention, it is an object of 
the present invention to provide an improved driver circuit for an SAR based A/D converter. 

It is another object of the present invention to provide an improved driver 
circuit for an SAR based A/D converter that is able to operate at lower voltages than a 
standard inverter circuit. 

It is still another object of the present invention to provide an improved driver 
circuit for an SAR based A/D converter that has a wider analog sampling range. 



BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In accordance with one embodiment of the present invention, a driver circuit 
for low voltage operation of a Successive Approximation Register (SAR) based 
Analog/Digital (A/D) converter is disclosed. The driver circuit has a plurality of cells 
wherein each cell is used for driving an individual column of a capacitor array. A switching 
circuit is held within each of the plurality of cells. The switching circuit is used for 
outputting one of a high voltage level V H or a low voltage level V L to an individual column 
of the capacitor array while driving no DC current. The switching circuit is comprised of a 
pair of fully differential pass gates. The pass gates are driven by circuitry referenced off of 
the supply voltage V dd of the A/D converter integrated circuit and ground. Because of this, 
each pass gate may operate off of any voltage within the V dd to ground range. Thus, the 
switching circuit allows for low voltage operation with a wider operating range. 
30 ^ accordance with another embodiment of the present invention, a method of 

providing a driver circuit for low voltage operation of a Successive Approximation Register 
(SAR) based Analog/Digital (A/D) converter is disclosed. The method comprises the steps 
of providing a plurality of cells wherein each cell is used for driving an individual column of 
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a capacitor array; and providing a switching circuit within each of the plurality of cells for 
outputting one of a high voltage level V H or a low voltage level V L while driving no DC 
current. The switching circuit is comprised of a pair of fully differential pass gates. The pass 
gates are driven by circuitr y r efer enced off ot the sup pl y voltage V ^T of the A/D converter 
5 integrated circuit and ground. Because of this, each pass gate may operate off of any voltage 
within the Vdd to ground range. Thus, the switching circuit allows for low voltage operation 
with a wider operating range. 

The foregoing and other objects, features, and advantages of the invention 
will be apparent from the following, more particular, description of the preferred 
1 0 embodiments of the invention, as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a simplified functional block diagram of an Analog to Digital 
(A/D) converter. 

15 Figure 2 is a simplified functional block diagram of one embodiment of a 

capacitor array used in the A/D converter depicted in Figure 1 . 

Figure 3 is a simplified functional block diagram of a second embodiment of 
a capacitor array used in the A/D converter depicted in Figure 1. 

Figure 4 is a simplified functional block of one cell of the driver circuit used 
20 in the S AR based A/D converter depicted in Figure 1 . 

Figure 5 is an electrical schematic of the cell of the driver circuit depicted in 

Figure 4. 

Figure 6 is a simplified functional block diagram of an SAR based Analog to 
Digital (A/D) converter. 

25 Figure 7 is a simplified functional block diagram of the sampling and 

conversion circuit of the present invention. 

Figure 8 is a timing diagram for the sampling and conversion circuit of the 
present invention. 

Figure 9 is a simplified functional block diagram of the selection circuits used 
30 in the sampling and conversion circuit of Figure 7. 

Figure 10 is a simplified functional block diagram of an Analog to Digital 
(A/D) converter. 

Figure 11 is a simplified functional block diagram of a prior art capacitor 
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array used in the A/D converter depicted in Figure 10. 

Figure 12 is a simplified functional block diagram of the capacitive ladder of 

the present invention used in the A/D converter depicted in Figure 10. 

Figure 13 is a simplified e JteciricaUcfremati<^p^ 

5 the capaciuWlacldef"Bepicted in Figurel2~ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to Figure 1 , an Analog to Digital (A/D) converter 1 0 is shown. The 
AD converter 10 has a driver circuit 12 which is used for driving each row of a capacitor 
array 14. The driver circuit 12 is comprised of a plurality of cells 12A. Each cell 12A is 
used to drive a specific column or bank of the capacitor array 14. By activating and 
deactivating each bank within the capacitor array 14, the driver circuit 12 may control the 
output voltage V 0 „t of the capacitor array 14. 

The capacitor array 14 may take on several different embodiments. The 
1 5 capacitor array 1 4 may be in the form of a binary weighted capacitor array 1 4' as depicted in 
Figure 2. In the binary weighted capacitor array 14', each capacitor bank 14A 1 has a 
capacitance value equal to approximately 2 n where n is an integer greater than or equal to 0. 
The capacitor array 14 may also take the form of a capacitance ladder 14" as depicted in 
Figure 3. 

20 Referring back to Figure 1 , the output voltage Vout of the capacitor array 1 4 is 

sent to one input of a comparator 16. A second input of the comparator 16 is coupled to an 
output of a sampling circuit 20. The sampling circuit 20 has an input coupled to an analog 
input signal 18. The sampling circuit 20 will sample the analog signal at timed intervals and 
send the sampled signal to the comparator 16. The comparator 16 will then compare the 

25 voltage of the sampled signal to that of the output voltage V 0 „t of the capacitor array 1 4. 

After comparing the two input voltage levels, the comparator 16 will send a 
signal to a Successive Approximation Register (SAR) 22 on whether the output voltage V ou t 
was higher or lower than the sampled voltage. The SAR 22 will then signal the driver circuit 
12 on which rows of the capacitor array 14 need to be activated and/or deactivated. 

30 m operation, the Most Significant Bit (MSB) of the driver circuit 12 is first 

set high while all the other bits 12A in the driver circuit 12 are set to zero. The comparator 
16 Will then compare the output voltage V out of the capacitor array 14 to the sampled voltage 
from the sampling circuit 20. If Vout is greater than the sampled voltage level, the 
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comparator 16 will signal the SAR 22 that the output voltage V ou t has over shot the sampled 
voltage. The SAR 22 will then set the MSB of the driver circuit 12 to zero. The entire 
process is now repeated for the next cell 12A (i.e., MSB-1). If the output voltage Vout does 
not-overshoot-the^sampled vulta ge signal, thenThe cell 12A is a valid bit and is set hig h. The 
5 entire process is carried out for every cell 12 A The driver circuit 12 may then generate a 
digital output based on the settings of the cells 12 A. 

Referring now to Figure 4, each cell 12A of the driver circuit 12 stores a 
switching circuit 30. The switching circuit 30 is used for outputting either a high voltage 
level V H or a low voltage level V L . However, unlike prior art switching circuits, the 

10 switching circuit 30 will drive each row of the capacitor array 12 to either V H or V L while 
driving no DC current. The switching circuit 30 is comprised of a pair of fully differential 
pass gates 36 and 38. The pair of pass gates 36 and 38 are driven by circuitry referenced off 
of the supply voltage V dd of the A/D converter integrated circuit 10 and ground. Because of 
this, each pass gate (i.e., 36 or 38) may operate off of any voltage within the Vdd to ground 

15 range. Thus, the difference between V H and V L can be as small as lOmv or as high as the 
supply voltage V dd . The switching circuit 30 of the present invention thereby allows for low 
voltage operation with a wider operating range. 

Each switching circuit 30 has a first voltage source 32 and a second voltage 
source 34 for supplying the high and low voltage levels respectively which are used for 

20 driving the row of the capacitor array 14. The first pass gate 36 is coupled to the first voltage 
source 32. The first pass gate 36 is used for outputting the high voltage level V H to the 
respective row of the capacitor array 14 while driving no DC current. The second pass gate 
38 is coupled to the second voltage source 34. The second pass gate 38 is used for outputting 
the low voltage level V L to the respective row of the capacitor array 14 while also driving no 

25 DC current. Each pass gate 36 and 38 is coupled to the SAR 22 through the bus 24 (Figure 
1). The SAR 22 will activate or deactivate the respective pass gates 36 and 38 by sending 
data over the bus 24 in order to drive each column of the capacitor array 14 to one of V H or 
Vl. 

Referring to Figure 5, wherein like numerals and symbols represent like 
30 elements, one embodiment of the switching circuit 30 is shown. As can be seen from Figure 
5, each pass gate 36 and 38 are comprised of a PMOS transistor and an NMOS transistor 
coupled together in parallel. The first pass gate 36 has a PMOS transistor 40 and an NMOS 
transistor 42 both having drain, gate, and source terminals. The source terminal of the 
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PMOS transistor 40 is coupled to the first voltage source 32 and to the drain terminal of the 
NMOS transistor 42. The gate terminals of the PMOS transistor 40 and the NMOS transistor 
42 are coupled to the bus 24. In the embodiment depicted in Figure 5, the gate terminal of 
the PMOS transistor 40 is coupled to the bus 24 t hrough an inverter 44. Tfie-d^-^HBmal 

" " 5 5f &e PMOSTraiisistor 4I5^d W^ce terminal of the NMOS transistors 42 are coupled 
together and to the output terminal Vout of the capacitor array 14. 

Likewise, the second pass gate 38 has a PMOS transistor 46 and an NMOS 
transistor 48 which are coupled together in parallel. Both the PMOS and the NMOS 
transistors 46 and 48 have drain, gate, and source terminals. The source terminal of the 

10 PMOS transistor 46 is coupled to the second voltage source 34 and to the drain terminal of 
the NMOS transistor 48. The gate terminals of the PMOS transistor 46 and the NMOS 
transistor 48 are coupled to the bus 24. In the embodiment depicted in Figure 5, the gate 
terminal of the NMOS transistor 40 is coupled to the bus 24 through the inverter 44. The 
drain terminal of the PMOS transistor 46 and the source terminal of the NMOS transistors 46 

1 5 are coupled together and to the output terminal V ou , of the capacitor array 14. 

In operation, the SAR 22 will send a signal through the bus 24 to the 
respective cells 12A of the driver circuit 12. The signal will activate or deactivate both the 
first and second pass gates 36 and 38 of the respective switching circuit 30. In the 
embodiment depicted in Figure 5, if the signal on the bus 24 is a digital high, the PMOS and 

20 NMOS transistors 40 and 42 of the first pass gate 36 are activated and the PMOS and NMOS 
transistors 46 and 48 of the second pass gate 36 are deactivated. Thus, the cell 14A will 
output a high voltage level output V H which is used to drive the column of the capacitor array 
14. If the signal on the bus 24 is a digital low, the PMOS and NMOS transistors 40 and 42 
of the first pass gate 36 are deactivated and the PMOS and NMOS transistors 46 and 48 of 

25 the second pass gate 36 are activated. Thus, the cell 14A will output a low voltage level 
output Vl 

The first and the second pass gates 36 and 38 will operate at much lower 
levels than prior art inverters. This is due to the fact that the pair of pass gates 36 and 38 are 
driven by circuitry referenced off of the supply voltage V d d of the A/D converter integrated 
30 circuit 1 0 and ground and thus may operate off of any voltage within the V dd to ground range. 
Since each column of the capacitor array 14 may be switched and driven between a V L and a 
V H from zero to the operating voltage V dd , the present invention allows for a wider range of 
operation. 

6 
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Referring to Figure 6, an Analog to Digital (A/D) converter 110 is shown. 

The A/D converter 1 10 uses a driver circuit 1 12 for driving each column of a capacitor array 

114. The driver circuit 1 12 is comprised of a plurality of cells 1 12 A. Each cell 1 12A is used 

to~dirve^^peeifie~eoli3Hin~or~bank~of the - capaett£>r~~array — l~t4^ By~activatiRg~and^eaetiva:ting 

5 each bank within the capacitor array 114, the driver circuit 112 may control the output 

voltage Vout of the capacitor array 1 14. 

The output voltage V ou t of the capacitor array 1 14 is sent to one input of a 

comparator 1 16. A second input of the comparator 1 16 is coupled to an output of a sampling 

circuit 120. The sampling circuit 120 has an input coupled to an analog input signal 118. 

10 The sampling circuit 120 will sample the analog signal at timed intervals and send the 

sampled signal to the comparator 116. The comparator 116 will then compare the voltage of 

the sampled signal to that of the output voltage V ou t of the capacitor array 114. 

After comparing the two input voltage levels, the comparator 116 will send a 

signal to a Successive Approximation Register 122 on whether the output voltage V 0 ut was 

15 higher or lower than the sampled voltage. The SAR 122 will then latch in the proper value 

for each bit 1 1 2A via bus 1 24. 

In operation, the Most Significant Bit (MSB) of the driver circuit 112 is first 

set high while all the other bits 1 12A in the driver circuit 1 12 are set to zero. The comparator 

116 will then compare the output voltage Vout of the capacitor array 114 to the sampled 

20 voltage from the sampling circuit 120. If V ou t is greater than the sampled voltage level, the 

comparator 116 will signal the SAR 122 that the output voltage V ou t has over shot the 

sampled voltage. The SAR 122 will then latch in a zero to the MSB via the bus 124. The 

entire process is now repeated for the next cell 1 12A (i.e., MSB-1). If the output voltage V 0 ut 

does not overshoot the sampled voltage signal, then the cell 112A is a valid bit and is set 

25 high. The entire process is carried out for every cell 1 12A. The driver circuit 1 12 may then 

generate a digital output based on the settings of the cells 1 12 A. 

Referring to Figure 7, wherein like numerals and symbols represent like 

elements with the exception of the use of a m " to indicate a different embodiment, an 

improved SAR circuit 122* (hereinafter SAR 122') is shown. The SAR 122' is used for 

30 selecting and loading a proper value in each bit of the driver circuit 112 (Figure 6) in order to 

activate and deactivate the different columns of the capacitor array 1 14 (Figure 6). The SAR 

122' is unique in that the SAR 122' will select and load a different bit 1 12A (Figure 6) of the 

driver circuit 1 12 on each edge of a clock cycle. 

7 
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The SAR 122' is comprised of a first set of selecting circuits 130. The 
number of selecting circuits 130 is equal to the total number of odd bits in the driver circuit 
112. Each of the selecting circuits 130 is individually coupled to a separate one of the odd 
number bits of the driver circuit 1 12. Ih e.seJecting^ une ^ 

-the-cdd number bits and f6FIatclm£ in a value to the selected odd number bit on a first edge 
of the clock cycle. The latched in value will drive the select column of the capacitor array 
1 14. Each odd number bit is selected and loaded once during each conversion and is selected 
and loaded only on a first edge of the clock cycle. 

The SAR 122' is further comprised of a second set of selecting circuits 132. 
10 The number of selecting circuits 132 is equal to the total number of even bits in the driver 
circuit 1 12. Each of the selecting circuits 132 is individually coupled to a separate one of the 
even number bits of the driver circuit 1 12. The selecting circuit 132 is used for selecting one 
of the even number bits and for latching in a value to the selected even number bit on a 
second edge of the clock cycle. The latched in value will drive the select column of the 
capacitor array 114. Each even number bit is selected and loaded once during each 
conversion and is only selected and loaded on a second edge of the clock cycle. 

Each of the selecting circuits 130 and 132 are coupled to a clock generator 
134. The clock generator is used to provide the clock signal to each of the selecting circuits 
132 and 134. In the preferred embodiment of the present invention, two non-overlapping 
20 clocks are used for the clock generator. 

Referring now to Figures 6-8, a state machine 136 is coupled to the SAR 
122'. The state machine 1 36 is used to generate and send out a plurality of signals prior to 
each conversion by the A/D converter 1 10. When the state machine 136 receives a Start of 
Conversion (SOC) signal (i.e., SOC goes high), the state machine 1 36 will send a reset pulse 
25 to the SAR 122' via bus 124'. The reset pulse will reset and initialize the capacitor array 1 14 
to zero volts. When the reset pulse goes low, the state machine 136 will send out sample and 
switch signals in order to sample the analog input signal. After the analog input signal has 
been sampled, the state machine 136 will send out an SAR enable signal to the SAR 122'. 
The SAR enable signal will cause the SAR 122 1 to load an initial value into the driver circuit 
30 112. 

After the initial value is loaded into the driver circuit 1 12, on a first edge of a 
clock cycle, the SAR 122' will cause the Most Significant Bit (MSB) of the driver circuit 1 12 
to be set high while ail the other bits 112A in the driver circuit 112 are set to zero. The 

8 
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comparator 1 16* will then compare the output voltage V ou t of the capacitor array 1 14 to the 
sampled analog input voltage. If V ou t is greater than the sampled analog input voltage, the 
comparator 116' will signal the SAR 122* that the output voltage V ou t has over shot the 
sam pled voltage. T he SAR 122^wll then latch in a zero to tfieTffSg via the bus r24 r 7~TKe 
5 entire process is now repeated for the next cell 1 12A (i.e., MSB-1) on the second edge of the 
clock cycle. If the output voltage V ou t does not overshoot the sampled voltage signal, then 
the cell 1 12A is a valid bit and is set high. The entire process is carried out for every cell 
1 12A wherein a successive cell 1 12A will be selected and driven high on the next edge of the 
clock signal. The driver circuit 112 may then generate a digital output based on the settings 
10 of the cells 112A. 

Referring to Figure 9, each of the selecting circuits 130 is basically comprised 
of two latches 140 and 142. The first latch 140 is coupled to the clock generator 134. The 
first latches 140 are used to select which odd number bit of the driver circuit 112 is to be 
selected. A single and different odd number bit will be selected on each first edge of the 
15 clock cycle. A second latch 142 is coupled to an output of the first latch 140 and to a 
separate one of the odd number bits of the driver circuit 1 12. The second latch 142 will load 
and latch in a proper value to the specific odd number bit in order to drive the particular 
column of the capacitor array 114 coupled to the selected bit. The first latch 140 sends a 
signal to the second latch 142. This signal is gated with the signal from the clock generator 
20 134 and with the output from a directly successive latch from an even number bit of the 
driver circuit 112. When all of the input signals to the logic gate 144 are correct, the second 
latch 142 will load and latch in the proper value to the selected odd number bit in order to 
drive the capacitor array 114. 

Similar to the selecting circuits 130, each of the selecting circuits 132 are 
25 basically comprised of two latches 146 and 148. The first latch 146 is coupled to the clock 
generator 134. The first latches 146 are used to select which even number bit of the driver 
circuit 1 12 is to be selected. A single and different even number bit will be selected on each 
second edge of the clock cycle. A second latch 148 is coupled to an output of the first latch 
146 and to a separate one of the even number bits of the driver circuit 1 12. The second latch 
30 148 will load and latch in a proper value to the specific even number bit in order to drive the 
particular column of the capacitor array 1 14 coupled to the selected bit. The first latch 146 
sends a signal to the second latch 148. This signal is gated with the signal from the clock 
generator 1 34 and with the output from a directly successive latch from an odd number bit of 
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the driver circuit 112. When all of the input signals to the logic gate 150 are correct, the 
second latch 148 will load and latch in the proper value to the selected even number bit in 
order to drive the capacitor array. 

An end of conversion latch 156 is c^edLto-tlie-last^eketeg-eifcuit-BO-or 

—5" —132. The«-of colTversion latch 156 is u^for sending an end of conversion signal after" 
the least significant bit of the driver circuit 1 12' has been loaded with a proper value after the 
least significant bit has driven its corresponding row of the capacitor array 1 14. 

A reset and enable circuit 152 is coupled to each of the first set of signalling 
circuits 130 and to each of the second set of signalling circuits 132. The reset and enable 
10 circuit 152 is used for resetting and loading an initial value into each of the even and odd 
number of bits of the driver circuit 1 12 prior to each conversion. The reset and enable circuit 
1 52 resets and loads each bit via the bus 124'. 

Referring to Figure 10, an Analog to Digital (A/D) converter 210 is shown. 
The A/D converter 210 uses a driver circuit 212 for driving each column of a capacitor array 
15 214. The driver circuit 212 is comprised of a plurality of cells 212A. Each cell 212A is used 
to drive a specific column or bank of the capacitor array 214. By activating and deactivating 
each bank within the capacitor array 214, the driver circuit 212 may control the output 
voltage Vout of the capacitor array 214. 

The output voltage Vout of the capacitor array 214 is sent to one input of a 
20 comparator 216. A second input of the comparator 216 is coupled to an output of a sampling 
circuit 220. The sampling circuit 220 has an input coupled to an analog input signal 218. 
The sampling circuit 220 will sample the analog input signal 218 at timed intervals and send 
the sampled signal to the comparator 216. The comparator 216 will then compare the 
voltage of the sampled signal to that of the output voltage Vout of the capacitor array 214. 
25 After com Panng the two input voltage levels, the comparator 21 6 will send a 

signal to a Successive Approximation Register (SAR) 222 on whether the output voltage Vou, 
was higher or lower than the sampled voltage. The SAR 222 will then signal the driver 
circuit 212 over bus 224 on which rows of the capacitor array 214 need to be activated and/or 
deactivated. 

30 1x1 option, the Most Significant Bit (MSB) of the driver circuit 212 is first 

set high while all the other bits 212A in the driver circuit 212 are set to zero. The comparator 
216 will then compare the output voltage V out of the capacitor array 214 to the sampled 
voltage from the sampling circuit 220. If V out is greater than the sampled voltage level, the 
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comparator 216 will signal the SAR 222 that the output voltage V 0 ut has over shot the 
sampled voltage. The SAR 222 will then send a signal via bus 224 to the driver circuit 212 
to set the MSB to zero. The entire process is now repeated for the next cell 212A (i.e., MSB- 

^^-If-the-output-vohage V ou t d oes-notrov ershoo l t he sampled voltage signal, then the cell 

5 212A is a valid bit and is set high. The entire process is carried out for every cell 212A. The 
driver circuit 212 may then generate a digital output based on the settings of the cells 212A. 

Referring to Figure 11, wherein like numerals and symbols represent like 
elements with the exception of the use of a "'" to indicate a different embodiment, a prior art 
capacitor array 214* is shown. The capacitor array 214' depicted in Figure 11 is a binary 

10 weighted capacitor array 214\ In the binary weighted capacitor array 214', each capacitor 
bank 214A' has a capacitance value equal to approximately 2 n where n is an integer greater 
than or equal to 0. Each capacitor bank 214A' is generally comprised of a plurality of unit 
capacitors C coupled together in parallel to achieve the capacitor bank's desired capacitive 
value. 

15 The problem with the binary weighted capacitor array 214 1 is that for higher 

bits of resolution, a large number of unit capacitors C are required. For example, for 8 bits of 
resolution, 256 unit capacitors C are needed, for 10 bits of resolution 1024 unit capacitors C 
are required, and for 16 bits of resolution 65,536 unit capacitors C are required. Thus, for 
larger bits of resolution, the binary weighted capacitor array 214* creates a routing nightmare. 

20 Furthermore, the binary weighted capacitor array 214 f may have parasitic problems since the 
binary weighted capacitor array 214' will need to drive a large number (2 n C) of unit 
capacitors. 

Referring now to Figure 12 were like numerals and symbols represent like 
elements with the exception of the use of a '"" , to indicate a different embodiment, an 

25 improved capacitor array 2 1 4" is shown. The capacitor array 2 1 4" is a capacitive ladder 214". 
The capacitive ladder 214" is comprised of a plurality of capacitive branches 214A". Each 
of the capacitive branches 214A" (with the exception of the last capacitive branch 214B" 
which is coupled to the LSB) is comprised of a capacitor 226 having a unit capacitance value 
of C. The capacitor 226 has a first terminal which is coupled to a bit 2 1 2 A (Figure 1 0) in the 

30 driver circuit 212 (Figure 10). The second terminal of the capacitor 226 is coupled to a 
capacitor circuit 228 having a capacitance value of 2C. In order to avoid fringing 
capacitance and matching problems, each capacitor in the capacitive ladder 214" should have 
a constant perimeter to area ratio. Thus, the capacitor circuit 228 is comprised of two 
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capacitors 226 coupled together in parallel wherein each capacitor 226 has a unit capacitance 
value of C (Figure 13). 

The last capacitive branch 214B" is also comprised of a capacitor 226 having 
_aunft capacitance value of C. The capacitor 226 has a firsUern^l^whioh^oufiled-to-the 



tSB-212A~(FigW lOToftae anver circuit 212 (Figure 10). The second terminal ofthT 
capacitor 226 is coupled to the first terminal of a second capacitor 230. The second terminal 
of the second capacitor 230 is coupled to ground. The second capacitor 230 has a 
capacitance value of C. 

In the embodiment depicted in Figure 12, an NMOS transistor 232 is coupled 
10 to each of the nodes no, n,, n 2 , and n 3 . The NMOS transistor 232 is used to drive each of the 
nodes (no, m, n 2 , and n 3 ) to a known voltage level prior to each conversion. In the 
embodiment depicted in Figure 12, the NMOS transistors 232 are used to drive each of the 
nodes (no, m, n 2 , and n 3 ) to ground. However, it should be noted that other devices may be 
used to drive each the nodes (no, m, n 2 , and n 3 ) to a predetermined value and that the NMOS 
1 5 transistor 232 is just one of many such devices. 

The NMOS transistors 232 may cause a parasitic leakage problem. Parasitic 
leakage will effect the capacitive ladder 214" at high temperatures. Generally, parasitic 
leakage will affect the output node (V ou «) the most. As one moves down the capacitive 
ladder 214", the leakage goes down exponentially (approximately 1/2°) and does not affect 
20 the output. 

For a four bit capacitive ladder 214" (MSB, MSB-1, LSB+1, and LSB), if the 
MSB is high, the output voltage V ou t will be 1/2 V Fn ii where V Fu ii is the full scale value of the 
output voltage V out . If the MSB-1 bit is held high, V ou t will be 1/4 V M . If the LSB+1 bit is 
held high, V out will be 1/8 V Full . If the LSB bit is held high, V ou , will be 1/16 V F „u. Thus, the 

25 capacitive ladder 214" will generate a binary weighted output voltage while using 
considerably less capacitors than the prior art binary weighted capacitor array 214' (Figure 
11). By using the capacitive ladder 214", the number of unit capacitors C increases linearly 
with increasing bits of resolution. In contrast, for a binary weighted capacitor array 214' 
(Figure 11), the number of unit capacitors C goes up exponentially when the bits of 

30 resolution increases. For the capacitive ladder 214", the number of unit capacitors is 
approximately equal to 3n-l where n is the total number of the bits of resolution. For the 
prior art binary weighted capacitor array 214', the number of unit capacitors is approximately 
equal to 2" where n is the total number of the bits of resolution. Thus, for 10 bits of 

12 
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resolution, the capacitive ladder 214" of the present invention will require only 29 unit 
capacitors C, while the prior art binary weighted capacitor array 214' will require 1024. For 
14 bits of resolution, the capacitive ladder 214" of the present invention will only require 41 

anircapac itot^^erwhil^ttie prior art binary weighte d capaci tor array 2T4'"will require 16,384^. 

5 By selecting each capacitive branch 214A" to be a C, 2C combination, each 

branch of the capacitive ladder 214" has the same equivalent capacitance, 2C. Likewise, the 
last capacitive branch 214B" also has an equivalent capacitance of 2C (capacitors 226 and 
230 both having a capacitance value of C coupled together in parallel). Thus, each capacitive 
branch 214A" and 214B" will be the same size and will switch at the same speed. This will 

1 0 increase the overall speed of the S AR based A/D converter. In contrast, in prior art S AR 
based A/D converters using a binary weighted capacitor array 214 1 , for 10 bits of resolution, 
it would be difficult and slow to drive 1024 unit capacitors. Furthermore, a lot of spike 
current would be generated by driving 1024 unit capacitors. 

While the invention has been particularly shown and described with reference 

1 5 to preferred embodiments thereof, it will be understood by those skilled in the art that the 
foregoing and other changes in form, and details may be made therein without departing 
from the spirit and scope of the invention. 
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What is claimed is: 

1. A driver circuit for low voltage operation of a Successive 
Approximation Register (SAR) based Analog/Digital (A/D) converter comprising, in 
com bination: 



a plurality" of cells wherein each cell is used for driving an individual column 
of a capacitor array; and 

a switching circuit within each of said plurality of cells for outputting one of a 
first voltage level or a second voltage level while driving no DC current. 

2. A driver circuit for low voltage operation of an SAR based A/D 
converter in accordance with Claim 1 wherein a level of said second voltage level may be as 
low as ground potential. 

3. A driver circuit for low voltage operation of an SAR based A/D 
15 converter in accordance with Claim 1 wherein a level of said first voltage level may be as 

high as a supply voltage of said A/D converter. 

4. A driver circuit for low voltage operation of an SAR based A/D 
converter in accordance with Claim 1 wherein each switching circuit comprises: 

20 a first voltage source for supplying said first voltage level; 

a second voltage source for supplying said second voltage level; 
a first pass gate coupled to said first voltage source for outputting said first 
voltage level while driving no DC current; 

a second pass gate coupled to said second voltage source for outputting said 
25 second voltage level while driving no DC current; and 

a signal circuit coupled to said first pass gate and to said second pass gate for 
activating and deactivating said first pass gate and said second pass gate for outputting one of 
said first voltage level or said second voltage level. 

30 5 - A driver circ uit for low voltage operation of an SAR based A/D 

converter in accordance with Claim 4 wherein each of said first pass gate and said second 
pass gate comprises: 

an NMOS transistor; and 

14 
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a PMOS transistor coupled in parallel with said NMOS transistor. 

6. A driver circuit for low voltage operation of an SAR based A/D 
conven er m-accordance with Claim 4 wherei n said sign al circ uit comprises an inverter 

5 coupled to a signal bus wherein said signal bus sends data to activate and deactivate each of 
said plurality of cells of said driver circuit. 

7. A driver circuit for low voltage operation of an SAR based A/D 
converter comprising, in combination: 

10 a plurality of cells wherein each cell is used for driving an individual column 

of a capacitor array; and 

a switching circuit within each of said plurality of cells for outputting one of a 
first voltage level or a second voltage level while driving no DC current, wherein a level of 
said second voltage level may be as low as ground potential and a level of said first voltage 
1 5 level may be as high as a supply voltage of said A/D converter, each of said switching circuit 
further comprising: 

a first voltage source for supplying said first voltage level; 
a second voltage source for supplying said second voltage level; 
a first pass gate coupled to said first voltage source for outputting said 
20 first voltage level while driving no DC current; 

a second pass gate coupled to said second voltage source for 
outputting said second voltage level while driving no DC current; and 

a signal circuit coupled to said first pass gate and to said second pass 
gate for activating and deactivating said first pass gate and said second pass gate for 
25 outputting one of said first voltage level or said second voltage level. 

8. A driver circuit for low voltage operation of an SAR based A/D 
converter in accordance with Claim 7 wherein each of said first pass gate and said second 
pass gate comprises: 

30 an NMOS transistor; and 

a PMOS transistor coupled in parallel with said NMOS transistor. 

9. A driver circuit for low voltage operation of an SAR based A/D 
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converter in accordance with Claim 7 wherein said signal circuit comprises an inverter 
coupled to a signal bus wherein said signal bus sends data to activate and deactivate each of 
said plurality of cells of said driver circuit. 



5 r0 - A method of providing a driver circuit for low voltage operation of an 

SAR based A/D converter comprising the steps of: 

providing a plurality of cells wherein each cell is used for driving an 
individual column of a capacitor array; and 

providing a switching circuit within each of said plurality of cells for 
1 0 outputting one of a first voltage level or a second voltage level while driving no DC current. 

11. The method of Claim 10 wherein a level of said second voltage level 
may be as low as ground potential. 



12. The method of Claim 10 wherein a level of said first voltage level 
may be as high as a supply voltage of said A/D converter. 



13. The method of Claim 10 wherein said step of providing a switching 
circuit further comprises the steps for each switching circuit of: 
20 providing a first voltage source for supplying said first voltage level; 

providing a second voltage source for supplying said second voltage level; 

providing a first pass gate coupled to said first voltage source for outputting 
said first voltage level while driving no DC current; 

providing a second pass gate coupled to said second voltage source for 
25 outputting said second voltage level while driving no DC current; and 

providing a signal circuit coupled to said first pass gate and to said second 
pass gate for activating and deactivating said first pass gate and said second pass gate for 
outputting one of said first voltage level or said second voltage level. 

30 14 - The method of Claim 13 wherein said steps of providing said first 

pass gate further comprises the steps of: 

providing an NMOS transistor; and 

providing a PMOS transistor coupled in parallel with said NMOS transistor. 
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15. The method of Claim 13 wherein said steps of providing said second 
pass gate further comprises the steps of: 

providing an NMOS transistor; and 
_~ 1 " "p^vidl n g^rTOlOS t ransistor coupted~irrpara^ transistor . 

16. The method of Claim 13 wherein said step of providing a signal 
circuit further comprises the step of providing an inverter coupled to a signal bus wherein 
said signal bus sends data to activate and deactivate each of said plurality of cells of said 
driver circuit. 
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